The Fermilab Booster is a bottleneck limiting the proton beam intensity in the accelerator complex. A study group has been formed in order to have a better understanding of this old machine and seek possible improvements [I]. The work includes lattice modeling, numerical simulations, bench measurements and beam studies. Based on newly obtained information, it has been found that the machine acceptance is severely compromised by the orbit bump and dogleg magnets. This, accompanied by emittance dilution from space charge at injection, is a major cause of the large beam loss at the early stage of the cycle. Measures to tackle this problem are being pursued.
INTRODUCTION
The Fermilab Booster is a 30 years old machine and the only machine at Fermilab that has never been upgraded. It is the bottleneck in the accelerator complex limiting the proton beam intensity. The linac upstream from the Booster can deliver 5 times more protons than it does now. The Main Injector downstream from the Booster can also accept 5 times more protons. However, the Booster, which sits in between, can provide no more than 6 4 2 protons per cycle. Otherwise the loss would be prohibitive (Fig. 1) . Most of the losses occur at the early stage of the cycle (about 25-30%); in particular during the first few ms. (The cycle time is 66.7 ms.) In order to understand the cause of the early loss, a study group was formed about 6 months ago. It launched a systematic investigation on the Booster. A comprehensive lattice model using MAD is established. The space charge codes ESME (authored by J. MacLachlan) and ORBIT (authored by J. Holmes) are employed. With the help of the Proton Source Department and other departmentddivisions, a series of beam studies and magnet field measurements are also carried out.
PERTURBATION ON LINEAR OPTICS: THE DOGLEG EFFECT
One surprise in this study (first discovered by A. Drozhdin) is that the linear optics of the Booster is significantly perturbed by the edge focusing of the injection and extraction orbit bumps. The laner is termed "dogleg" at Fermilab. As can be seen in Figure 2 , in the horizontal plane, the maximum beta function is increased from 33 m to 47 m, maximum dispersion from 3 m to 6 m; in the vertical plane, the maximum beta from 20 m to 26 m. The edge focusing strength of a bending magnet is: 
CHROMATICITY MODELING
The present setting of the chromaticity during the cycle is somewhat confusing. For instance, the horizontal chromaticity is positive below transition, which could cause the head-tail instability that has not been seen. It is decided to try other chromaticity ramp curves by compiling a spreadsheet relating the sextupole setting with the machine chromaticity. There are four major contributors to the chromaticity: lattice (main quads), dogleg (edge focusing), sextupole of the main magnets and chromaticity sextupoles.
The direct contribution form the dogleg is small. However, it has big impact on the chromaticity, because it changes the local beta and dispersion functions at the chromaticity sextupoles. 
SPACE CHARGE STUDY
Space charge is a dominant factor limiting the beam intensity in low energy proton machines. It causes tune shift, emittance growth and resonance. Analytical tools have limited use for this complicated phenomenon. Therefore, we invoke numerical simulations. Two codes, ESME (longitudinal) and ORBIT (transverse) are employed for this purpose. (Another group also uses a code called Synergia.) Figure 4 shows 805 MHz micro-bunch injected into the Booster simulated by ESME. The energy spread matches the measured value (? 0.88 MeV). 
Longitudinal Loss
The measured Booster longitudinal acceptance is small (i0.15-0.2%). It is about the same as the linac beam momentum spread (i0.13%). When the RF is turned on to capture the beam adiabatically, the momentum spread of the hunched beam will increase to ahout +0.3% and exceed the acceptance, resulting in loss.
Transverse Loss
The machine transverse acceptance is: A systematic investigation of various measures for correcting the dogleg effect, reducing the space charge and increasing the machine acceptance is under way. This will be the content of another paper that will be published later. 
